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the oil were measured. This study conflfIDed our previous observationthat FPE levels were higher in corn fiber oil than in corn bran oil. During industrial wet-milling, almost all of the FPE are recovered in the fiber fraction (which contains both fine and coarse fiber). During laboratory-scale wet-milling, =60--70% of the FPE are recovered in the coarse fiber (pericarp) and 3()...4()% are recovered in the fine fiber. During laboratoryscale dry-milling, <20% of the FPE are recovered in the bran (pericarp), and the rest in the grits. The recoveries of the other two phytosterol components (free phytosterols and phytosterol-fatty acyl esters) revealed a more complex distribution, with significant levels found in several of the dryand wet-milled products.
All samples were ground to 20 mesh in a Wtley mill, extracted by mixing 4 g of samplel40 mL of hexane in a 55-mL screw-top vial, shaking horizontally for 1 hr in a wrist-action shaker, filtering the sample through a Whaonan GF/A glass fiber filter, removal of part of the sample for HPLC analysis as previously described (Moreau et al 1996) , and evaporation and measurement of the mass of the rest of the sample. Each experiment was perfonned two times and each analytical data point represents the mean of duplicate analyses ± standard error,
RESULTS
Three different com hybrids (representing soft, medium, and hard kernels) were subjected to bench-scale dry-and wet-milling and the bran and fiber fractions were weighed and extracted (Table 1 ).
In the dry-milled samples, the mass in the bran fraction was 4.51-5.95%, based on the mass of the starting kernels (Table n, After wet-milling, the masses of fine fiber were 8.575-9.555%, and the masses of coarse fiber were 4.570-5.475%, based on the mass of the starting kernels. The wt% of oil (hexane-extractable material) in kernels, bran, and fibers was 1.84-3.14 wt%. The FPE levels were 0.351-0.411 wt% in the oils from the three kernels: 0.82-1.40 wt% in the com bran oils, 1.68-2.58 wt% for the fine fiber oils, and 4.82-5.71 wt% in the coarse fiber oils. These FPE levels are comparable to those reported in com fiber oil and com bran oil obtained from commercial samples of fiber and bran (Moreau et al 1996) . These results, using laboratory-scale wet-and dry-milling, confinned our previous observation (Moreau et al 1996) that the FPE levels are much higher in com fiber oil than in com bran oil. Commercial industrial com fiber is a mixture of coarse and fine fibers, so the data observed for the coarse and fine fibers in this study need to be combined to compare it with the data on commercial com fiber oil in our previous study (Moreau et al 1996) .
Examination of the recovery levels for FPE in com bran oil revealed that only 9.7-15.6% of the original FPE level measured in the kernel were recovered in the bran fraction (Table n. In contrast, in the fiber fractions, essentially all of the FPE was recovered.
with the distribution of 59-74% recovered in the coarse fiber and 35-41 % recovered in the fine fiber.
Comparing the effect of kernel hardness with the values in Table I revealed similar results but some interesting trends were found. Com bran obtained from hybrids with softer kernels appears to have more oil and more total FPE. In contrast, slightly higher proportions of FPE were found in the coarse fiber than in the fine fiber as kernel hardness increased. and Yield of Oil in Each Fraction some variability. The total amounts of TAG, FFA, St:E, St, and FPE were higher in the dry-milled fractions and the total amounts of DAG and y-tocopherol were higher in the wet-milled fractions. This variability could be attributed to degradation (oxidation) during milling, incomplete recovery of products, or variable degrees of extraction efficiency.
This study confirmed our previous observation that the levels of FPE are much higher in com fiber oil than in com bran oil. Although both corn fiber and corn bran are pericarp-enriched fractions, it appears that only in wet-milling (perhaps due to heat or S~and lactic acid used in steeping) are most of the FPE (94%) recovered in the fiber. In contrast, during dry-milling only 18% of the FPE are localized in the bran and 81 % are in the grits. It is interesting that high levels of FPE are associated with both the coarse fiber and fine fiber fractions of wet-milling, and it is convenient that both of these fractions are combined in the com fiber produced by essentially all modern corn wet mills . Significant recoveries~9 wt%) of the other two phytosterol components (StE and St) were found in all three dry-milled fractions and in four out of six of the wet-milling fractions. Tamura et al (1958) were the first to identify and isolate sitostanol ferulate as a minor component in corn germ oil. Seitz, later (1989) 
Milled com kernels of medium hardness (Pioneer hybrid 3394) yielded three dry-milling fractions and six wet-milling fractions which were each then weighed, ground to 20 mesh, and extracted with hexane (Table m. Because only minor differences in the oil from kernels with different hardnesses were observed earlier (Table 1) , only the medium endosperm hardness hybrid was used in this part of the study. The mass of each of these fractions is consistent with those previously reponed using other laboratory-scale wet-and dry-milling operations Eckhoff, 1996, Brekke et al 1972) . In both wet-and dry-milling streams, most of the oil was recovered in the germ, as expected. For both the dry-and wetmilling product streams, the fraction with the next highest level of oil was the fiber or bran. Very little oil was found in the starch and steepwater.
The lipid class composition of the oils from each of the three dry-milling fractions and each of the six wet-milling fractions was then compared (Table ill) . In all fractions, triacylglycerols (TAG) occurred in the highest concentration, and as expected, the TAG levels in the germ oils from both milling processes were >96 wt%. The levels of phytosterol fatty acyl esters (StE), free phytosterols (St), and ferulate phytosterol esters (FPE) were highest in the oils from coarse fiber and fine fiber, and were only slightly lower than those reponed in the oil from commercial (a mixture of coarse and fine fibers) com fiber (Moreau et al 1996) . In the dry-milling fractions, the FPE level in oil from the grits was actually higher than in the oil from the bran, giving us a clue about the whereabouts of the FPE that were unaccounted for in Table I .
To resolve the FPE recovery question, the recoveries of each lipid component in each fraction were examined (Table IV) . The results revealed that during wet-milling, almost all of the FPE (25 + 67 = 94 relative%) were localized in the coarse and fine fiber fractions, whereas during dry-milling only 17% of the FPE were localized in the bran fraction, and almost all of the rest was in the grits (75%) ( Table IV) . Examination of the localization of the other two phytosterol components (St:E and St) revealed a more complex distribution, with significant levels in several milled fractions. The St and St:E are nearly evenly divided in the grits and germ fractions of dry-milling. In wet-milling, the highest levels of StE and St are recovered in the germ. but significant quantities are also distributed in the gluten, coarse fiber, and fine fiber. The germ fractions from both processes had the highest recoveries of y-tocopherol, but significant recoveries of y-tocopherol in the coarse fiber, fine fiber, and grits fractions were also observed. Although the total levels of each of the seven lipid classes theoretically should have been identical in the sum of the dry-and wet-milled fractions, there was isolation of steryl cinnamic acid derivatives. The highest-yielding bran fractions contained =D.77% oil. of which =2.6% were FPE and CPE. Other bran fractions in that study contained 0.3-1.5% total FPE and CPE. these data are consistent with our studies on raw, unprocessed bran. Interestingly, Norton's (1995) richest bran fractions contained FPE levels higher than our unprocessed bran and even higher than our fine fiber fractions. However, Norton's FPE levels were significantly lower than the FPE levels in our coarse fiber fraction. Through dissection studies, Seitz (1989) showed that FPE were associated primarily with the inner pericarp. If this is the case, then perhaps the inner pericarp (or the thin aleurone layer immediately interior to the pericarp) adheres to the pericarp during wet-milling but not during dry-milling. These results also raise the question of whether other potential coproducts may be differentially fractionated during dry-and wet-milling. It is clear that the processes of dry-and wet-milling need to be examined more carefully, especially by those attempting to obtain value-added natural products from the streams generated by each.
CONCLUSIONS
The FPE levels are much higher in com fiber oil than in com bran oil. Although both com fiber and com bran are pericarp-enriched fractions, it appears that only in the wet-milling fraction (com fiber) are most of the FPE enriched. Commercial com fiber thus appears to be the best industrial starting material to produce an oil rich in FPE. Com fiber also appears to contain the highest levels of natural sitostanol of any other plant material yet reported.
